This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(12) 



UK Patent Application „s,GB ,,.2 362 276 ,3, A 



(43) Date of A Publication 14.11.2001 



tZlJ 




(51) 


intcl'' 




H03B 5/36 , H03K 3/354 




natP nf Filina 12 05.2000 






(52) 


UK CL (Edition S ) 






H3F FJAP 


(71) 


Applied nt{s) 




H3T T1G1 T2B8 T2C T2T3F T4D 




Motorola, Ine 








Oncoiporated in USA - Delaware) 


(56) 


Documents Cited 




1303 East Algonquin Road, Schaumburg, 




US 4459565 A US 4405906 A US 4Z11985 A 




Illinois 60196, United States of America 




US 4095195 A 


(72) 


Inventor(s) 


(58) 


Field of Search 




Andreas Rusznyak 




UK CL (Edition R ) H3F FJAP , H3P PAJX PAKA 








INT CL^ H03B 5/36 , H03K 3/03 3/354 


(74) 


Agent and/or Address for Service 








Marc Morgan 








Motorola Limited, European Intellectual Property 








Department, Midpoint,Alencon Link, BASINGSTOKE, 








Hampshire, RG21 7PU United Kingdom 







(54) Abstract Title 

A low power dock oscillator with regulated amplitude 

(57) A clock oscillator comprises a CMOS inverter MRMN with its output fed back to its input via a resonator 
Q. Biassing transistors MPX and MNX are coupled between the output of the inverter and the gates of devices 
MP and MN respectively. The oscillation amplitude is limited by feedback through diode-coupled transistors 
MPD and MND. Amplitude regulation is achieved without the use of DC current sources, and without the need 
for a start-up circuit. 
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At least one drawing originally filed was informal and the prim reproduced here is taken from a later filed formal copy. 
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OSCILLATOR CIRCUIT 

Field of Xnveniilon 

5 

This invention relates to oscillator circuits for use in 
integrated circuits. 

10 Background of Invention 

One of the most frequently-used analog circuits in 
today's IC's is the Pierce-type two-pin oscillator. 
Typically, this type of oscillator is used to generate 
15 clock signals in microprocessors and other integrated 
systems . 

Such an oscillator is typically formed by a resonator 
embedded between two capacitors connected to ground and 
20 between the input and output of an inverter* FIG. 1 
shows the schematic circuit of such an oscillator. 

This oscillator is of simple construction, but presents 
several disadvantages: 

25 

The amplitude at the output is limited by non- 
linearities generating harmonics which may cause 
electro-magnetic coupling (EMC) problems. 

30 The amplitude across the resonator is high, 

resulting in high power dissipation in the . 



resonator, 
stability . 



limiting its long-term frequency 



constituting the inverter 
during a large portion of the 
the oscillator has high 

A high impedance current path is needed between the 
input and output of the inverter to ensure its 
correct biasing. Leakage of external components 
connected to this path may alter operating 
conditions of the oscillator. 

Several solutions have been proposed to deal with these 
disadvantages. FIG. 2 shows a prior art circuit known 
from U.S. patent no. 4,4 05,906 which avoids the above 
mentioned drawbacks by regulation of the oscillation 
amplitude. In this known circuit two DC bias current 
sources polarize the driver transistors, whereas the 
currents from these current sources are sunk to the 
supply rails across transistors connected between the 
driver transistors common drain and their gate. 

This known circuit presents two important drawbacks. 
Firstly, well-controlled DC current sources are needed to 
polarize correctly the driver transistors. Secondly, a 
start-up circuit is needed to ensure that both driver 
transistors remain in saturation when the circuit is 
powered on. 



Since both transistors 
conduct simultaneously 
period of oscillation, 
current consumption . 
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From U.S. patent no. 3,902,141 there is known a quartz 
oscillator circuit having an amplifier formed by two 
complementary semiconductors whose sources, gates and 
drains are connected in parallel in an alternate 
5 arrangement with a power supply, a quartz crystal 

connected between the drains and the gates, a detection 
capacitor connected between the gates and the -sources and 
a charge capacitor connected between the sources and the 
drains. An integration capacitor is connected between the 
10 semiconductors'' gates so as to control the class of 
operation of the amplifier in dependence on the 
oscillation amplitude. 

A very low current Pierce oscillator is known from U.S. 
15 patent no. 4,360,789 

It is an object of the present invention to provide an 
oscillator circuit wherein the above-mentioned 
disadvantages may be overcome or at least alleviated. 

20 

Summary of Znventlozi 

In accordance with a first aspect of the invention there 
25 is provided an oscillator circuit as claimed in claim 1. 

In accordance with a second aspect of the invention there 
is provided an oscillator circuit as claimed in claim 11. 



30 



Brief Description of Drawings 



Five oscillator circuits incorporating the invention will 
now be described, by way of example only, v/ith reference 
to the accompanying drawings, in which: 

FIG. 1 shows a schematic circuit diagram of a known 
Pierce-type two-pin oscillator circuit; 

FIG. 2 shows a schematic circuit diagram of a known 
oscillator circuit with amplitude regulation; 

FIG. 3 shows a schematic circuit diagram of a first 
oscillator circuit embodying the present invention; 

FIG. 4 shows a schematic circuit diagram of a second 
oscillator circuit embodying the present invention; . 
and 

FIG. 5 shows a schematic circuit diagram of a third 
oscillator circuit embodying the present invention; 

FIG. 6 shows a schematic circuit diagram of a 
simple, fourth oscillator circuit embodying the 
present invention; and 

FIG. 7 shows a schematic circuit diagram of a fifth 
oscillator circuit, based upon the simple oscillator 
circuit of FIG. 6, embodying the present invention 
and incorporating componentry to provide improved 
amplitude regulation. 
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De'taxled Description 

Referring to FIG. 1, a Pierce-type two-pin oscillator 100 
5 is formed by a resonator Q. embedded between two 

capacitors CI and C2. The capacitors are commonly 
connected at terminals remote from the resonator Q to a ■ 
voltage node VSS. A CMOS transistor pair MP, MN have 
their source and drain electrodes connected in series 

10 between voltage nodes VDDA and VSS. The CMOS transistors 
MP and MN form an inverter whose input IN is connected to 
the transistors' gate electrodes and whose output OUT is 
connected to a point between the transistors' current 
electrodes. The input IN and output OUT are connected 

15 respectively to the capacitors CI and C2 at terminals 
remote from the voltage node VSS. A resistance RO is 
connected between the input IN and output OUT. 

As discussed above, although the known Fierce-type two- 
20 pin oscillator 100 has the advantage of simple 

construction, it presents several disadvantages: (i) the 
amplitude at the output is limited by non-linearities 
generating harmonics which may cause electro-magnetic 
coupling (EMC) problems; (ii) the amplitude across the 
25 resonator Q is high, resulting in high power dissipation 
in the resonator, limiting its long-term frequency 
stability; (iii) since both transistors MP and MN 
constituting the inverter conduct simultaneously during a 
large portion of the period of oscillation, the 
30 oscillator has high current consumption; and (iv) a high 
impedance current path R is needed between the input IN 
and output OUT of the inverter to ensure its correct 
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biasing, and leakage of external components connected to 
this path may alter operating conditions of the 
oscillator. 

5 Referring now to FIG. 2, a known oscillator circuit 200 
avoids these disadvantages. The oscillator circuit 200, 
resonator Q, transistors Tl and T2 and capacitor C2 in 
are analogous to respectively the resonator Q, the 
transistors MP and MN, and the capacitor C2 in FIG. 1. 
10 The capacitors C3' and C4' (together with capacitors C3 
and C4) in FIG. 2 are analogous to the capacitor CI in 
FIG. 1. In the oscillator circuit 200, nodes a and b 
serve as input and output nodes respectively. 

15 The oscillator circuit 200 avoids the above-discussed 

drawbacks of the oscillator circuit 100 by regulation of 
the oscillation amplitude. In the oscillator circuit 200 
the oscillation amplitude is regulated by two DC bias 
current sources (formed by transistors T3 and T4 

20 respectively) which polarize the driver transistors Tl 
and T2, whereas the currents from these current sources 
are sunk to the supply rails P and M across transistors 
T5, T6 and T8 connected between the driver transistors' 
common drain and their gate, 

25 

However, as discussed above, although the oscillator 
circuit 200 avoids the disadvantages of the oscillator 
circuit 100, the oscillator circuit 200 has two important 
drawbacks. Firstly, well-controlled DC current sources 
30 T3 and T4 are needed to polarize correctly the driver 

transistors Tl and T2. Secondly, a start-up circuit (not 
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shown) is needed to ensure that both driver transistors 
remain in saturation when the circuit is powered on. 

Referring now to FIG- 3^ an oscillator circuit 300 
5 exhibits the above-discussed advantages of the known 
circuits of FIG. 1 and FIG. 2, but avoids their above- 
discussed disadvantages. 

In the oscillator circuit 300 a resonator Q is embedded 

10 between two capacitors CI and C2- The capacitors are 

commonly connected at terminals remote from the resonator 
Q to a voltage node VSS. A CMOS transistor pair MP, MN 
have their source and drain electrodes connected in 
series between voltage nodes VDDA and VSS- The CMOS 

15 transistors MP and MN form an inverter whose inpu^ifi^N- is 
connected to the transistors' gate electrodes via 
respective capacitors CP and CN, and whose output OUT is 
connected to a point between the transistors' current 
electrodes. The input IN and output OUT are connected 

20 respectively to the capacitors CI and C2 at terminals 

remote from the voltage node VSS. The gate electrodes of 
the transistors MP and MN (at nodes PG and NG 
respectively) are connected via two series-connected 
resistances PX and NX. A point between the resistances 

25 PX and NX is connected to the output OUT. The gate 

electrodes of the transistors MP and MN (at nodes PG and 
NG respectively) are connected respectively via diode- 
connected CMOS transistors MND and MNP to node NF, which 
is connected to the output OUT via an amplifier A- 

30 

In the oscillator 300 of FIG. 3, the correct biasing 
condition of the driver transistors MN and MP is ensured 



by high impedance paths through the transistors NX and PX 
between the output of these driver transistors and their 
gates. In this way at start-up both driver transistors 
MN and MP are in saturation. 

The transistors MND and MPD, connected in diode 
configuration, accomplish the amplitude regulation in a 
similar way to that in the prior art circuit of FIG. 1. 
•The transistors MND and MPD, connected between the gates 
of the driver transistors MN and MP and the node NF, are 
able to sink the current sourced by the high impedance 
paths when the amplitude on the oscillator output OUT 
rises. In steady state condition, the charge transferred 
periodically through the transistors MND and MPD is equal 
to that provided by the high impedance paths through the 
resistances NX and PX respectively. 

It will be understood that in this way the oscillator 
circuit 300 of FIG. 3 exhibits the above-discussed 
advantages of the known circuits of FIG. 1 and FIG.- 2, 
but avoids their above-discussed disadvantages. 

FIG. 4 shows a practical embodiment of the oscillator 
circuit 300 of FIG. 3. In the oscillator circuit 400 of 
FIG. 4, the high impedance resistances PX and NX of the. 
oscillator circuit 300 of FIG. 3 between the output of 
the driver transistors MPD, MND and their gates are 
realized by adequately controlled, long channel CMOS 
transistors MPX and MNX respectively. Further, in the 
oscillator circuit 400 of FIG- 4, connections to the 
transistors MPD and MND are arranged as follows. 
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In parallel with the driver transistors MP and MN, a pair 
of CMOS transistors MPl and MNl and capacitors CP2 and 
CN2 are connected in series. The transistor MPl has its 
gate electrode connected to its source electrode (at a 
5 node PF) and to the drain electrode of the driver 

transistor MPD. A capacitor CPl is connected between the 
source and drain electrodes of the transistor "MPl. The 
transistor MNl has its gate electrode connected to its 
source electrode (at a node NF) and to the drain 
10 electrode of the driver transistor MND. A capacitor CNl 
is connected between the source and drain electrodes of 
the transistor MNl. 

In the oscillator circuit 400 of FIG. A, amplitude 
15 regulation occurs by means of the charge stored in 

capacitors CN2, CP2 and transferred to nodes NG, PG. It 
will be understood that in this embodiment there is no 
need to build amplifiers. Current consumption of the 
complete circuit under the conditions as already defined 
20 above is 0.25mA when the voltage on IN and on OUT 

oscillates between 10% and 90% of the supply voltage. 

FIG. 5 shows another practical embodiment of the 
oscillator circuit 300 of FIG. 3. In the oscillator 
25 circuit 500 of FIG. 5/ connections to the trans.istors MPD 
and MND are arranged as follows- 

Between the gate electrodes of the driver transistors MP 
and MN (at the nodes PG and NG) , a pair of CMOS 
30. transistors MPX and MNX are connected in series, a point 
between the transistors MPX and MNX being connected to a 
point between the driver transistors MP and MN. Between 
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the gate electrodes of the transistors MPX and MNX (at 
the nodes PC and NC) , a pair of diode-connected CMOS 
transistors MNAO and MPAO are connected in series, a 
point betv/een the transistors MNAO and MPAO forming a 
5 node DIV. Transistors MPAl and MPA2 have their gate 
electrodes commonly connected to the node DIV, and have 
their source electrodes commonly coupled to the voltage 
node VDDA. The transistor MPAl has its drain electrode 
connected to the node DIV. The transistor MPA2 has its 

10 drain electrode connected^ to the node NC. Transistors 
MNAl and MNA2 have their gate electrodes conunonly 
connected to the node DIV, and have their source 
electrodes commonly coupled to the voltage node VSS. The 
transistor MNAl has its drain electrode connected to the 

15 node DIV. The transistor MNA2 has its drain electrode 
connected to the node PC. 

In operation of the oscillator circuit 500 of FIG. 5, the 
growing voltage on the output terminal OUT causes 
20 transistors MND, MPD to open and so to sink tive current 
provided by transistors MNX and MPX, respectively. 

The control voltage of transistors MNX, MPX representing 
high-impedance connections between the oscillator output 

25 and the gates of the driver transistors, is adjusted to 

be at the DC voltage on the output terminal OUT at start- 
up plus the threshold voltage of transistors MNX, MPX. 
In this way, the currents provided by these transistors 
track process, temperature and supply voltage variations, 

30 so as to counter performance variations elsewhere in the 
circuit. 
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lt will be appreciated that, if required, the current 
provided by transistors MNX and MPX can be stabilized by 
means of an auxiliary circuit (not shown) generating a DC 
current proportional to the value of an integrated 
5 capacitor, to the supply voltage and to the frequency of 
the oscillator itself. 

A further feature of the oscillator circuit 500 of FIG. 5 
is the incorporation of a resistive transmission gate, 

10 formed by CMOS transistors TGI and TG2, connected between 
the input IN and output OUT. The gate electrodes of the 
transistors TGI and TG2 are connected respectively to 
supply voltages VDDA and VSS. It will be understood that 
the effect of this transmission gate is to define the 

15 voltage on the input at low frequencies. It will further 
be understood that, if desired, such a transmission gate 
could be incorporated into the oscillator circuit 300 of 
FIG. 3 and/or the oscillator circuit 400 of FIG. 4. 

20 It will be understood that all of the oscillator circuits 
of FIG. 3, FIG. 4 and FIG. 5 provide simple and effective 
regulation of the oscillator amplitude without need for 
well-controlled DC current sources to polarize correctly 
the driver transistors, and without need for a start-up 

25 circuit to ensure that both driver transistors remain in 
saturation when the circuit is powered on. 

Referring now also to FIG. 6, a second aspect of the 
invention is based on the realisation that present 
30 technology allows capacitive coupling on the input 

without major disadvantages, at least for frequencies in 
the IMHz range or above. In practice this is not a 
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significant drawback since most microprocessors and 
digital signal processors presently operate above 4MH2. 

As shown in FIG. 6, in the oscillator circuit 600 a 
resonator Q is embedded between two capacitors CI and C2. 
The capacitors are commonly connected at terminals remote 
from the resonator Q. The capacitors CI and C2 are 
respectively connected, at terminals remote from their 
commonly connected terminals, to an input node IN and an 
output node OUT. A CMOS inverter INV is connected 
between the input node IN and the output node OUT via a 
capacitor C3 connected to the input node IN. A resistor 
RI is connected in parallel with the inverter INV, and a 
resistor RL is connected between the input node IN and an 
output node OUT. As in the oscillator circuits of FIGs. 
3, 4, and 5 above, it will be understood that the 
resistors RI and RL may take the form of high impedance 
transistors . 

It will be understood that the. simple oscillator circuit 
600 provides (i) capacitive coupling (via the capacitor 
C3) on the input IN and (ii) high impedance coupling (via 
the resistor RL) between output OUT and input IN, and 
between output OUT and internal (capacitively coupled) 
input. In this way it will be appreciated that the 
inverter 600 is insensitive to leakage and exhibits 
improved susceptibility to electromagnetic coupling. 
Additionally, amplitude regulation helps to improve 
frequency stability. 

Referring now also to FIG. 7, a fifth oscillator circuit 
700, based on the simple oscillator circuit 600 of 
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FIG. 6, has componentry to provide improved amplitude 
regulation. Thus, in the oscillator circuit 700 the 
inverter INV of the oscillator circuit 600 is formed by a 
CMOS transistor pair MP, MN connected with their current 
5 electrodes in series via the output node OUT, The gate 
electrodes PG and NG of the transistors MP and MN are 
respectively connected to the input node IN via 
individual coupling capacitors C3P and CBN. Each of the 
transistors MP, MN has its gate electrode connected to 
10 the output node OUT via respective CMOS transistors PX, 
NX. 

It will be appreciated that by providing separate 
capacitive input coupling to the transistors MP and MN, 

15 and separate output coupling of the gate electrpdes PG 

and NG of the transistors MP and MN, improved amplitude 
regulation is obtained. Thus, it will be appreciated that 
the oscillator circuit 700 provides leakage 
insensitivity, improved susceptibility to electromagnetic 

20 coupling, good stability of operation and (like the 

oscillator circuits 300, 400, 500 and 600) requires no 
start-up circuitry- 

It will be understood that in the oscillator circuit 700 
25 amplitude regulation may be achieved either by (i) having 
the voltages on the gate electrodes of the transistors PX 
and NX vary as a function of the voltages respectively on 
the gate electrodes of the transistors MP and MN, or (ii) 
having the voltages on the gate electrodes of the 
30. transistors PX and NX fixed and having diodes (not shown) 
between the gate electrodes of the transistors MP and MN 
and the output node OUT. 
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It will be understood that all of the oscillator circuits 
5 of FIG. 3, FIG. 4, FIG. 5, FIG. 6 and FIG. 7 can be 

fabricated entirely in CMOS integrated circuit process 
technology, minimising the size of semiconductor die 
which the oscillator circuit requires and reducing the 
circuit's power requirements. 

10 
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An oscillator circuit comprising: 

an input and an output arranged for connection 
of a resonator therebetween; 

inverter means having a first driver transistor 
and" a second driver transistor coupled in 
series via said output; 

biasing means having a first biasing element 
coupled between said output and a control 
electrode of the first driver transistor for 
biasing the first driver transistor^ and a 
second biasing element coupled between said 
output and the control electrode of the second 
driver transistor for biasing the second driver 
transistor; 

first limiting means coupled between the 
control electrode of said first driver 
transistor and a first node for receiving a 
signal representative of the signal at the 
output, and second limiting means coupled 
between the control electrode of said second 
driver transistor and a second node for 
receiving a signal representative of the signal 
at the output, 

the control inputs of the first and second 
driver • transistors being capacitively coupled 
to the input. 



2. An oscillator circuit according to claim 1 further 
comprising amplifier means having an input coupled 
to the output and having an output coupled to the 
nodes for receiving a signal representative of the 
signal at the output. 

3. An oscillator circuit according to claim 1 further 
comprising: 

first capacitive means coupled between the 
output and said first node for receiving a signal 
representative of the signal at the output; 
first current defining means for defining the 
current flowing in the first limiting means; 
second capacitive means coupled between the 
output and said second node for receiving a signal 
representative of the signal at the output; and 
second current defining means for defining the 
current flowing in the second limiting means. 

4. An oscillator circuit according to claim 3 wherein 
the first current defining means comprises a diode- 
connected transistor and a capacitor between the first 
node for receiving a signal representative of the signal 
at the output and a first supply node, and the second 
current' defining means comprises a diode-connected 
transistor and a capacitor between the second node for 
receiving a signal representative of the signal at the 
output and a second supply node. 

5. An oscillator circuit according to any preceding 
claim wherein the biasing comprise resistive transistors 
having control electrodes. 



6. An oscillator circuit according to claim 5 wherein 
the control electrodes of the resistive transistors of 
the first and second biasing means are respectively 
coupled to the second and first supply nodes. 

7'. An oscillator circuit according to claim 5 wherein 
the control electrodes of the resistive transistors are 
coupled to means for providing control voltages for 
ensuring that the resistive transistors conduct when the 
voltage on the control electrodes of the driver 
transistors is less than a start-up voltage on the 
output . 

8. An oscillator circuit according to claim 7 wherein 
the means for providing'control voltages comprises: 

means for providing a voltage representative of the 
start-up voltage and voltages representative of the 
threshold voltages of the biasing means^ and 
means for generating therefrom the control . voltages 

9. An oscillator circuit according to any preceding 
claim further a resistive transmission gate copuled 
between the input and the output to define the 
voltage on the input at low frequencies. 

10. An oscillator circuit according to claim 9 wherein 
the resistive transmission gate has control 
electrodes which are coupled respectively to the 
first and second supply nodes. 



- 18 - 

11. An oscillator circuit comprising: 

an input and an output arranged for connection 
of a resonator therebetween; 

inverter means having an input and having an 
5 output coupled to the output of the circuit; 

capacitance means coupled between the input of 
the circuit and the input of the inverters- 
first limiting means coupled between the input 
of the inverter and the output of the circuit; 
10 and second limiting means coupled between the 

input of the circuit and the output of the 
circuit. 

An oscillator circuit according to claim 11 wherein 
the inverter comprises first and second, series- 
connected transistors^ 

the capacitance means comprises first and' 
second capacitances coupled between the input 
of the circuit and the control electrodes of 
the first and second transistors respectively, 
and 

the first limiting means comprises first and 
second transistors coupled between the output 
of the circuit and the control electrodes of 
the first and second transistors respectively. 

13. An oscillator circuit according to any preceding 

claim wherein the transistors are. CMOS transistors. 



12. 

15 



20 



30 14. An oscillator circuit substantially as hereinbefore 
described with reference to FIG. 3, FIG. 4, FIG. 5, 
FIG. 6 or FIG. 7 of the accompanying drawings. 
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